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METHOD AND APPARATUS FOR CONTROLLING 
A DISPENSING SYSTEM 

Related Applications 

This application is a continuation in part (CD?) of U.S. Patent Application Serial No. 
09/705,080, filed Nov. 2, 2000, which claims priority to U.S. Provisional Application No. 
60/163,517, filed Nov. 4, 1999, both of which are incorporated herein by reference. 

Field of the Invention 

The present invention relates generally to a method and apparatus for controlling the 
operation of a liquid dispensing system, and more particularly, to a method and apparatus for 
measuring and controlling the amount of viscous material dispensed from a dispensing 
system. 

Background of the Invention 

There are several types of prior art dispensing machines used for dispensing metered 
amounts of liquid or paste for a variety of applications. One such application is in the 
assembly of surface mount printed circuit boards, wherein adhesive liquid is dispensed in 
precise, predetermined locations on a circuit board. The adhesive liquid is used for connecting 
components to the circuit board. Another application of dispensing machines is in dispensing 
viscous material used for encapsulating integrated circuit chips and/or for under filling flip 
integrated circuit chips. The dispensing machines are generally required to run continuously 
to achieve a high throughput, and are also required to achieve a high degree of accuracy and 
repeatability (i.e., be able to dispense substantially identical dots with a very small tolerance 
or variability between dots). The dispensing systems described above include those 
manufactured by Speedline Technologies, Inc., the assignee of the present invention, and 
distributed under the name XYFLEX™. 

As semiconductor packaging technology advances, so too does the need for better and 
more accurate fluid dispensing technology to support this application. Manufacturers who 
use dispensing systems to encapsulate and underfill any of a variety of semiconductor 
packages demand ever more accurate and repeatable means for controlling the dispensing 
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process. In one prior art dispensing system, a scale periodically measures the weight of 
material dispensed by the system during calibration routines, and the dispensing system 
includes a feedback system to adjust the quantity of fluid dispensed by the dispensing system, 
so that the weight of the material dispensed is controlled. 
5 In the prior art dispensing systems that employ a calibrations system, the dispensed 

material used for calibration must be collected during the calibration routine. The collected 
material is normally not reusable and therefore must be disposed of. Often, the adhesive, 
solder paste, encapsulant, epoxy or other media that is being dispensed onto the substrate in 
these dispensing systems is toxic or otherwise not immediately disposable in a liquid state 

1 0 and must be cured prior to disposal. 

In some prior art dispensing systems, such as that disclosed in U.S. Patent No. 
5,906,682 to Bouras et. al, which is incorporated herein by reference, the addition of a weight 
scale to the dispensing process improves the accuracy and repeatability of the process by 
measuring the actual material flow rate being achieved, and adjusting the dispenser's traverse 

1 5 speed as necessary to compensate for any long term variations. Inherent in this approach is 
the assumption that the flow rate is constant over the short term. However, in reality, fluid 
flow is seldom constant. Certainly the steady state material delivery rate cannot be achieved 
instantaneously, nor can the positioning system be accelerated or decelerated instantaneously. 
These nonlinear transitions result in discrepancies between predicted and actual material 
20 amounts. 

In embodiments of the present invention, to overcome these shortcomings, a different 
approach has been taken; the presence of these nonlinearities is acknowledged and their 
effects is captured by duplicating them during weight scale sample dispensing. Additionally, 
a system is provided for properly collecting and disposing of the material dispensed during a 
25 calibration routine. 

Summary of the Invention 

In one aspect, the present invention is directed to a system for dispensing material 
onto a substrate. The system includes a dispensing element having a metering device that 
30 controls a quantity of material dispensed from the dispensing element, a positioning system 
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coupled to the dispensing element to move the dispensing element over the substrate in a 
dispensing pattern, a calibration device having a dish that receives material from the 
dispensing element during a calibration routine of the dispensing system and a controller, 
coupled to the positioning system, the dispensing element and the calibration device to 
control operation of the dispensing system, wherein the controller is constructed and arranged 
to control the positioning system and the dispensing element such that the dispensing element 
is moved and controlled according to a calibration pattern to dispense material into the dish 
during a calibration routine, and wherein the calibration pattern is representative of the 
dispensing pattern. 

The system may be constructed and arranged such that the dish is removably 
connected to the calibration device. The dish may be constructed and arranged to include a 
tab for conveying the dish to or from the calibration device. The dish may be constructed and 
arranged to include a protuberance for operatively removing an amount of material from 
dispensing element. The dish may be constructed and arranged to be disposable. The dish 
may be constructed and arranged to withstand a temperature that will allow any dispensed 
material collected in the dish to cure. The dish may be constructed and arranged from a 
generally conductive material. 

The calibration device may be constructed and arranged to determine a quantity of 
material dispensed during a calibration routine, and the quantity may be compared with a 
target quantity of material to determine an error value. The controller may be constructed and 
arranged to apply a scale factor to the dispensing pattern to obtain the calibration pattern to 
reduce the distance traveled by the pump during the calibration routine to maintain the pump 
over the calibration device. The scale factor may be applied to the speed of movement of the 
dispensing system during a calibration routine such that the material dispensed during a 
calibration routine is substantially the same as that dispensed onto a substrate. The system 
may be constructed and arranged to adjust a rate of delivery of the metering device when the 
error value is greater than a predefined value. The system may be constructed to adjust a 
speed of movement of the pump when the error value is greater than a predefined value. The 
system may be constructed and arranged such that the calibration pattern is the same as the 
dispensing pattern. 
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Another aspect of the present invention is directed to a method of calibrating a 
dispensing system that dispenses material onto a substrate according to a dispensing pattern, 
the dispensing system having a dispensing pump that dispenses material and a gantry system 
that controls movement of the pump over the substrate and over a calibration system. The 
method includes steps of (a) moving the pump over the calibration system, (b) dispensing a 
quantity of material from the pump while the pump is moved by the gantry system according 
to a calibration pattern that is representative of the dispensing pattern, (c) collecting the 
dispensing material in a dish, (d) determining the quantity of material dispensed, (e) 
comparing the quantity of material dispensed with a target quantity, and (f) adjusting 
characteristics of the dispensing system when a difference between the quantity of material 
dispensed and the target quantity is greater than a predetermined tolerance. 

Steps (a) through (f) may be repeated prior to dispensing on a substrate until the 
difference is less than the tolerance. The method may further include the step of removing, 
disposing and or replacing the dish after step (f). The material collected in the dish may be 
cured prior to the dish being disposed of. The method may further include a step of applying 
a scaling factor to the dispensing pattern to reduce the distance traveled by the pump to 
maintain the pump over the calibration system during a calibration routine. The scaling factor 
may be applied to the gantry system to reduce the speed of movement of the pump during a 
calibration routine such that the material dispensed during a calibration routine is 
substantially the same as that dispensed onto a substrate. 

Another aspect of the present invention is directed to a system for dispensing a 
material onto a substrate. The system includes a dispensing element having a metering device 
that controls a quantity of material dispensed from the dispensing element, a positioning 
system coupled to the dispensing element to move the dispensing element over the substrate 
in a dispensing pattern, a calibration device having a dish that receives material from the 
dispensing element during a calibration routine of the dispensing system, means for moving 
the dispensing element according to a calibration pattern that is representative of the 
dispensing pattern to dispense material onto the calibration device during a calibration routine 
and means for determining a quantity of material dispensed during a calibration routine. 
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The system may further include means for determining a difference between the 
quantity of material dispensed with a target quantity and means for adjusting characteristics of 
the system to reduce the difference. The system may further include means for applying a 
scaling factor to the system to reduce the distance traveled by the dispensing element during 
5 the calibration routine. The system may further include a weight scale for measuring the 
weight of material dispensed. 

Yet another aspect of the present invention is directed to a method of calibrating a 
dispensing system that dispenses material onto a substrate according to a dispensing pattern, 
the dispensing system having a dispensing pump that dispenses material and a gantry system 

1 0 that controls movement of the pump over the substrate and over a calibration system having a 
dish. The method includes steps of (a) moving the pump over the dish of the calibration 
system, (b) pre-dispensing a quantity of material into the dish, (c) zeroing out the calibration 
system, (d) dispensing a quantity of material from the pump while the pump is controlled to 
follow a calibration pattern that is representative of the dispensing pattern, (e) collecting the 

1 5 quantity of material dispensed from the pump during the calibration pattern in the dish, (f) 

measuring the amount of material collected in the dish during steps (d) and (e), (g) comparing 
the amount of measured material in step (f) with a target quantity and (h) adjusting 
characteristics of the dispensing system when a difference between the measured material and 
the target quantity is greater than a predetermined tolerance. Steps (c) through (h) may be 

20 repeated prior to dispensing on a substrate until the difference is less than the tolerance. 

Yet another aspect of the present invention is directed to a method of calibrating a 
dispensing system that dispenses material onto a substrate according to a dispensing pattern, 
the dispensing system having a dispensing pump that dispenses material and a gantry system 
that controls movement of the pump over the substrate and over a calibration system, the 

25 calibration system having a dish for collecting a quantity of dispensed material, the dish 

having a protuberance. The method includes steps of (a) moving the pump over the dish of 
the calibration system, (b) pre-dispensing a quantity of material from the dispensing system to 
create a tail of material, (c) dislodging the tail of material from the dispensing system by 
moving the pump over the protuberance of the dish such that the tail of material contacts the 

30 protuberance, (d) collecting the dislodged tail of material in the dish, (e) zeroing the 
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calibration system, (f) dispensing a quantity of material from the pump while the pump is 
controlled to follow a dispensing calibration pattern that is representative of the dispensing 
pattern, (g) collecting the dispensed quantity of material from the pump in the dish, (h) 
dislodging a tail of material from the dispensing system by moving the pump over the 
5 protuberance of the dish such that the tail of material contacts the protuberance, (i) collecting 
the dislodged tail of material in the dish, (j) determining the quantity of material collected in 
the dish during steps (e) through (i), (k) comparing the quantity of material dispensed with a 
target quantity and (1) adjusting characteristics of the dispensing system when a difference 
between the quantity of material dispensed and the target quantity is greater than a 
1 0 predetermined tolerance. Steps (e) through (1) may be repeated prior to dispensing on a 
substrate until the difference is less than the tolerance. 

Brief Description of the Drawings 

For a better understanding of the present invention, reference is made to the drawings 
1 5 that are incorporated herein by reference and in which: 

FIG. 1 is a cross-sectional view of a flip chip integrated circuit; 

FIG. 2 is a drawing of a dispensing system in accordance with one embodiment of the present 
invention; 

20 FIG. 3 is a perspective view of an apparatus used to measure weight of dispensed material in 
the dispensing system of FIG. 2; 

FIG. 4 is a side view of the apparatus used to measure weight of dispensed material in 
accordance with one embodiment of the present invention; 

FIG. 5 is a perspective view of a weighing dish in accordance with one embodiment of the 
25 present invention; and 

FIG. 6 is a close up perspective view of the pedestal assembly of the apparatus used to 
measure weight of dispensed material of FIG. 4. 
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Detailed Description 

For purposes of illustration only, and not to limit generality, the present invention will 
now be explained with reference to a dispensing system used to dispense an adhesive, solder 
paste, an encapsulant or some other medium onto a substrate such as a circuit board or an 
5 integrated circuit chip. One skilled in the art will appreciate, however, that embodiments of 
the present invention are not limited to dispensing systems, but rather, the measuring and 
control apparatus in accordance with embodiments of the present invention may be used in 
other applications requiring precise, weight or volume measurements of small quantities of 
viscous materials. Additionally, it is contemplated that the quantity of material collected for 

10 measurement may be determined by methods other than weighing the material, such as by 
measuring its volume. 

FIG. 1 shows a cross-sectional view of a flip chip integrated circuit 10 having a 
substrate 12 and a die 14. A number of solder balls 16 are disposed between the substrate and 
the die of the integrated circuit to provide electrical connections between the die and the 

15 substrate. Underfill material 1 8 is disposed in the gap between the die 14 and the substrate 12 
around all of the balls 16, and a fillet of underfill material 20 is disposed on the substrate 
around the perimeter of the die 14. To provide the underfill material to a flip chip integrated 
circuit, it is known to lower a pump of a dispensing system in close proximity to the flip chip 
integrated circuit, and to dispense underfill material from a dispensing needle of the pump 

20 onto the substrate as the pump is moved around the perimeter of the flip chip. The dispensed 
underfill material will then seep under the flip chip. 

The total volume V of underfill material required to properly fill the gap and provide 
the fillet around the perimeter of the die can be determined using equation (1) below: 



25 V=Vc -Vb +Vf Equation 1 

where: Vc = the volume of the gap between the die and the substrate; 
Vb = the total volume of all the solder balls; and 
Vf = the volume of the fillet. 
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In one typical application, Vc is approximately equal to 22.58 mm 3 , Vb is 
approximately equal to 0.30 3 , and Vf is approximately equal to 0.50 mm 3 , so that the total 
volume V of underfill material is equal to approximately 22.78 mm 3 . For the typical 
application described above, to properly underfill the integrated circuit 10, it is desirable to 
5 dispense precisely 22.78 mm 3 of underfill material from a dispensing system. This desired 
volume maybe converted to a desired weight by multiplying by the material's density. 
Weight and volume calibration systems have been incorporated into prior art dispensing 
systems to periodically calibrate the dispensing system to ensure that the proper amount of 
material is being dispensed. 

10 In one prior art dispensing system, the weight of material dispensed is determined for 

a fixed period of time, and a dispense rate (in terms of weight per unit time) is determined. 
For example, the operator of a dispensing system sets up a sample dispense routine as N 
shots, of M seconds each, with P seconds of pause between shots (e.g. 15 shots of 1 sec each, 
with .5 sec pauses. The total amount dispensed is weighed and divided by the total on time of 

1 5 the pump (e.g. 1 87.5 mg/1 5 sec =12.5 mg/sec). This measurement is then used to calculate 
other control parameters for the dispenser. For example, since the system "knows" the target 
weight of the pattern to be dispensed (e.g. 100 mg), the on time of the valve may be 
determined, (e.g. lOOmg /(12.5 mg/sec) = 8 sec). Furthermore, since the distance to be 
traversed is known (e.g. 20 mm), the average traverse rate can be calculated (e.g. 20mm/8 sec 

20 = 2.5 mm/sec). This value can then be used to control the gantry speed and therefore the 
speed at which the pump traverses the perimeter of the flip chip. 

One problem of the above-described system is that it fails to account for non- 
linearities in the dispense rate and the gantry speed that occur as the pump and the movement 
of the gantry are started and stopped. This problem is particularly significant for encapsulant 

25 dispensing of flip chips, wherein both the pump and the gantry are started and stopped a 

number of times as the pump is traversed around the perimeter of the flip chip. During flip 
chip dispensing, the pump may never reach the full dispense rate, and the gantry may never 
reach the full traverse speed. Embodiments of the present invention, which will now be 
described, provide dispensing systems having novel calibration systems that overcome these 

30 problems with the prior art. 
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FIG. 2 shows a liquid dispensing system 100 in accordance with one embodiment of 
the present invention for dispensing materials including underfill material. The liquid 
dispensing system 100 includes a pump and dispenser assembly 1 10, a computer control 
system 120, a vision system 130, and a weight measuring apparatus 200. The liquid 
5 dispensing system 100 has a frame 1 14 having a lower substrate 1 18 for supporting a circuit 
board 300 or some other substrate that is to receive material dispensed by the pump and 
dispenser assembly 110. The pump and dispenser assembly 1 10 and the vision system 130 are 
coupled to an arm 116, which in turn is movably coupled to the frame 1 14 of the dispensing 
system 100. The arm 116 can be moved, using motors (not shown), under the control of the 

10 computer control system, in X, Y and Z directions, to locate the pump and dispenser assembly 
1 10 and the vision system 130 at predetermined locations and heights over the circuit board 
300 and the weight measuring apparatus 200. 

The dispensing system 100 operates as follows. The circuit board 300, or some other 
substrate that is to receive material dispensed from the dispensing system, is placed on the 

1 5 base 118 of the dispensing system. The circuit board 300 may be placed on the base manually, 
or in a preferred embodiment, a conveyor system is used for loading circuit boards or other 
substrates into the dispensing system 100. The base 1 1 8 may also include a vacuum lift table 
for securing the board 300 to the base 118 during the dispensing operation, and may also 
include a heater to maintain the circuit board and dispensed material at a desired temperature. 

20 The pump and dispenser assembly 1 1 0 dispenses drops and/or patterns of material 

through a nozzle 1 12 at predetermined points on the circuit board 300. The dispensing 
material is stored in a container (not shown), coupled to the pump and dispenser assembly, at 
a controlled pressure. The system may further control the temperature of the material supply. 
In a preferred embodiment, the pump and dispenser assembly includes a rotary type pump 

25 having a metering device that includes an auger within an auger chamber. The auger is 
precisely turned within the auger chamber to dispense metered quantities of liquid. In the 
present embodiment, the quantity of material dispensed for a given rotary type pump is 
controlled by setting the revolutions per minute (RPM) of the auger and the dispensing time 
of the pump. In other embodiments, a servomechanism controls the pump and an encoder 

30 determines and controls the auger position. In one embodiment of the present invention, the 
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auger and auger chamber are implemented as described in U.S. Patent No. 5,8 19,983 entitled 
"Liquid Dispensing System With Improved Sealing Auguring Screw and Method For 
Dispensing", assigned to the assignee of the present invention, and incorporated herein by 
reference. In other embodiments, other pumps may be used, such as those described in U.S. 
5 Patent No. 5,957,343, and U.S. Patent Application Serial No. 09/483,360, both of which are 
assigned to the assignee of the present application and incorporated herein by reference. 

The computer control system 120 controls motors (not shown) to move the arm 1 16 in 
the X, Y, and Z directions to properly position nozzle 1 12 of the pump and dispenser 
assembly 110 over the circuit board to ensure that dispensing occurs at the predetermined 

1 0 points on the circuit board, hi one embodiment a well-known X-Y gantry system is used to 
control the position of the pump in the X-Y plane. In other embodiments, other gantry 
systems, such as those described in U.S. Patent No 5,886,494 entitled Positioning System, 
which is incorporated herein by reference, may be used. The computer control system is pre- 
programmed with a desired material dispense pattern for the circuit board 300 and may 

1 5 contain programs for depositing drops on several different types of circuit boards or other 
substrates in addition to the flip chip integrated circuit substrate discussed above. 

The vision system 130 is used for providing proper alignment of the pump and 
dispenser 110 with the circuit board 300 prior to the dispensing of drops onto the circuit 
board. The vision system 130 locates fiducial points, chips, chip edges or other recognizable 

20 patterns on the circuit board in order to properly align the pump and dispenser assembly with 
the circuit board. The vision system may also used after dispensing has occurred to inspect 
the material that has been deposited onto the circuit board (or some other substrate) to ensure 
that the proper amount of material has been deposited, and to ensure that the material has 
been deposited at the proper locations on the circuit board. 

25 The weight measuring apparatus 200 used in one embodiment of the present invention 

is shown in greater detail in Fig. 3. The weight measuring apparatus includes a weigh scale 
module 202 mounted between a bottom plate 204 and a top plate 206. Standoffs 208 support 
the top plate 206 above the bottom plate 204. A weighing dish 210 is coupled to the 
weighing module through a hole (not shown) in the top plate 206. The weighing dish is 
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isolated from the top plate 206. Mounted on the top plate 206 are a needle calibration 
assembly 212 and a pre-dispense station 214. 

The needle calibration assembly is used to calibrate the height of the needle tip to 
allow the dispensing system to adjust the tip of the needle to the proper height above a 
5 substrate for dispensing. The pre-dispense assembly provides a surface onto which material 
may be dispensed from the pump during, for example, initial calibration and set-up. 

In one embodiment of the present invention, the weigh scale module 202 is 
implemented using model no. XX46-0001 available from Sartorius of Edgewood NY. The 
weigh scale module has an electrical connector 216 for coupling to the computer control 

10 system to provide weight signals to the computer control system. 

During a calibration routine of dispensing systems of the present invention, material is 
dispensed into the weighing dish, the weigh scale module determines the weight of the 
material dispensed and the weigh scale module communicates electrical signals representative 
of the weight measured to the computer control system. In one embodiment, the weighing 

1 5 dish has a tab 21 8 that is used as a handle to lift the dish from the system for cleaning. 

FIGS. 4 through 6 show another embodiment of the present invention, wherein the 
weight measuring apparatus 200 employs a weighing dish 230 that has a protuberance, such 
as a raised center portion 232. hi this embodiment, the dispensing system may move the 
needle past the center portion 232 to cause any tail of material on the needle to be captured in 

20 the dish for measurement. A conically shaped pedestal 234 may be mounted to the weigh 
scale module 202 for removably mounting the weighing dish 230 to the weight measuring 
apparatus 200. This configuration helps to prevent the weighing dish 230 from becoming 
dislodged during a calibration routine. 

For purposes of illustration only, and not to limit generality, the present invention will 

25 now be explained with reference to a dispensing system employing a weight measuring 
apparatus for determining a quantity of dispensed material. One skilled in the art will 
appreciate, however, that embodiments of the present invention are not limited to weight 
measuring devices. It is contemplated that the quantity of material collected for measurement 
maybe determined by methods other than weighing the material, such as by measuring its 

30 volume. 
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In this embodiment, a top end 236 of the pedestal 234 is congruently shaped to the 
center portion 232 of the weighing dish 230. Although the weighing dish 230, as shown, has 
a centrally located conically shaped raised portion 232, other shapes for weighing dishes and 
pedestals are contemplated, whereby a tail of material on the needle could be removed and 
5 captured by the weighing dish for measurement. 

In this and other embodiments of the present invention, the weighing dish may be 
fabricated from a disposable material, such as rigid PVC film. In certain embodiments, the 
dish may be fabricated from Aluminum or conductive plastic, thereby minimizing any 
electrostatic charge build-up during operation. Otherwise, if electrostatic charges are allowed 
1 0 to build, electrostatic forces might be transferred to the dish during operation, which might 
significantly interfere with measuring the weight of the dish and its contents. 

Often the material collected in the weighing dish will cure unassisted over time. In 
many instances, however, the material may need to be heated to assist or effect curing, hi 
these instances the weighing dish should be able to withstand being heated to the desired cure 
1 5 temperature. Often weighing dishes fabricated from rigid PVC will suffice, however, the 

weighing dish may be fabricated from other materials that will withstand higher temperatures. 

In certain other embodiments of the present invention, a container assembly (not 
shown), which may be similar to the weighing dish 232, may be employed as a purge station 
(not shown), to allow the pump to be purged of old material, air bubbles or similar undesired 
20 material and to collect such material for disposal. 

In one embodiment of the present invention, the dispensing pump is driven as a fully 
servoed axis. This allows coordination of the pump auger rotation with the traverse motion of 
the dispenser valve positioning system. For example, during the dispensing of material 
around the perimeter of a flip chip, as the gantry accelerates out of a turn, so too does the 
25 pump. In this manner, a controlled material amount per distance traveled can be provided. 

In embodiments of the present invention, the ratio of pump auger rotation to the 
horizontal distance traversed is defined as "Line Width", and this ratio is represented in units 
of degrees of auger rotation per distance traveled (e.g. deg/mm). In other embodiments of the 
present invention, pumps other than auger pumps, such as piston pumps or other positive 
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displacement pumps may be used. In these embodiments, the concept of line width may be 
more broadly defined as the ratio of the amount of material dispensed per distance traveled. 

To control the amount of material dispensed, in embodiments of the present invention, 
an entire dispensing pattern is used during a calibration routine. Rather than measuring a 
5 dispense rate and extrapolating this rate to predict a pattern weight, as is done in the prior art, 
in embodiments of the present invention, the entire pattern is weighed and compared with the 
target weight. In this manner, all of the nonlinear effects of starts and stops of the pump and 
the gantry system are accounted for in any calibration weight measurements. Finally, when 
adjustments are made to compensate for discrepancies between measured and desired target 

10 weights, it is the line width ratio that is varied. It should be noted, that in some embodiments 
of the present invention, the maximum RPM of the auger is limited, and therefore, the 
maximum traverse speed is varied to cause the desired target weight to be dispensed. If the 
maximum traverse speed were limited instead, the maximum RPM could be varied to control 
the weight dispensed. Alternatively, in other embodiments, both the traverse speed and the 

15 RPM of the auger could be varied to cause the desired weight to be dispensed. 

One specific process for calibrating a dispensing system will now be described. 
Before dispensing the actual sample to be weighed, the needle of the dispensing system is 
moved over the sample dish and a small amount is dispensed. This initial dispense may cause 
a small tail of material to form on the end of the needle. While it is not necessary to perform 

20 this initial dispense, in some embodiments, it is desirable to do so, since it may be more 
representative of the situation that occurs at the termination of the calibration dispensing 
operation. After the initial material is dispensed, the scale is zeroed out. Next, using some 
initial line width as a starting point (e.g. 120 deg/mm), the full dispensing pattern is dispensed 
into the sample dish. At the end of the dispensing, a tail of dispensing material may again be 

25 formed on the end of the dispensing needle. This tail of material remaining at the end of the 
sample dispense should be substantially the same as the tail that was established before the 
sample, and accordingly, the material landing in the dish is substantially equal to the actual 
amount that flowed through the needle. 

The sample is weighed (e.g. 160 mg), and compared to the target weight and tolerance 

30 range (e.g. 200 mg ± 2%). The target weight is divided by the actual weight to determine an 
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adjustment ratio (e.g. 200 mg/160 mg = 1 .25), and this ratio is multiplied by the line width 
used during the sample dispense to arrive at a new line width (e.g. 1.25 * 120 deg/mm =150 
deg/mm). The sample weighing and adjustment process is repeated until the sample weight is 
within the target range. Since the amount of material delivered is very linearly related to the 
5 line width, this converging process is typically quick in embodiments of the present 

invention. Usually the second sample will be within the range, however, in some cases, it 
may be necessary to make additional passes. Once a line width is found that achieves the 
desired target weight, the system may move the pump to a "pre-dispense plate" to dispense a 
programmable pattern of lines or dots on the pre-dispense plate. This pre-dispense pattern 

10 may be programmed to be representative of the terminal portion of the actual dispense 
pattern, particularly with respect to the dispense height and retraction movements, and 
therefore, the tail remaining on the needle after the pre-dispensing should be the same as that 
encountered during dispensing on actual parts. The system is then ready to dispense onto 
actual parts. The frequency of calibration runs can vary in embodiments of the present 

1 5 invention depending upon the accuracy and repeatability desired as well as the type of 
material being dispensed. 

Another process for calibrating a dispensing system, which accounts for the tail of 
dispensing material created during a dispensing operation, will now be described. In this 
process, the pump is moved over a dish having a protuberance. Next, a small amount of 

20 material is dispensed, thereby forming a tail of material on the dispensing element. The tail 
of material is then dislodged from the dispensing system and collected in the dish by moving 
the pump over the protuberance such that the tail of material contacts the protuberance. After 
the tail is dislodged, the scale is zeroed out. As previously described, the full dispensing 
pattern is then dispensed into the dish according to a predetermined dispensing pattern. At 

25 the end of the dispensing operation, the tail of dispensing material left on the end of the 

dispensing needle is dislodged and collected in the dish, and accordingly, the material landing 
in the dish is substantially equal to the actual amount that flowed through the needle. The 
quantity of dispensed material, including the tail material, is then determined and compared 
with a target quantity. If the difference between these quantities is greater than a 
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predetermined tolerance, the dispensing system is adjusted, as above described, until the 
difference is less than the tolerance. 

In certain embodiments of the present invention, when pattern samples are being 
dispensed into the weighing dish, a special scaling algorithm is used to keep the needle over 
5 the dish. This algorithm is particularly useful for large dispensing patterns. For large 

patterns, without the scaling provided in embodiments of the present invention, the extent of 
movement during the pattern (e.g. 25 mm) would typically cause the needle to move away 
from the center of the dish. 

In one embodiment, during the calibration dispensing operation, the X-Y distances 

10 and velocities of the original pattern are both scaled down by a factor of 100 (e.g. 25 mm/100 
= 0.25 mm), and the line width is scaled up by the same factor (e.g. 100 * 150 deg/mm = 
15000 deg/mm). It can be easily observed that the two scaled factors will cancel each other 
out, causing the pump to follow the same velocity profile as it would during a non-scaled 
dispense (e.g. 25 mm * 150 deg/mm = 3750 deg = 0.25 mm * 15000 deg/mm). 

15 This scaling allows the sample dispensing routine to run using the identical software 

code that is used to perform real dispensing. During the calibration routine, the coordination 
between X-Y movement and dispensing from the pump is maintained, as are all of the starts, 
stops and acceleration/deceleration profiles. Accordingly, the non-linearities associated with 
the starting and stopping of the pump and the gantry motors are accounted for during the 

20 calibration routine to provide a more accurate calibration and control routine. In other 
embodiments of the invention, rather than scale the movement and the speed of the pump 
during a calibration routine, the dispensing pump is controlled to follow the same dispensing 
pattern that is used to dispense on substrates (e.g., the same acceleration and deceleration 
profiles) while the pump is held in a fixed position over the weigh scale. 

25 In the embodiments described above, a scaling algorithm is used to allow the full 

dispensing pattern of the pump to be run during a weight calibration. In other embodiments 
of the present invention, the scaling algorithm and full pattern calibration dispensing 
technique may be used with dispensing systems having other measurement devices, such as a 
volumetric measurement device, that provide calibration based on the volume of material 
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dispensed, such as the dispensing systems described in U.S. Patent No. 6,1 12,588, assigned to 
the assignee of the present invention and incorporated herein by reference. 

In embodiments of the present invention described above, a system controller controls 
the operation of the components of the dispensing system. In other embodiments, some or all 
of the functions of the system controller maybe distributed among the various components of 
the dispensing system. For example, an intelligent weigh scale may be used having 
processing capabilities contained therein for comparing a measured amount with a target 
amount and outputting a signal indicative of a difference between the measured and target 
amounts. 

In embodiments of the present invention discussed above and in the claims, the term 
weight scale is used to refer to a device for determining the weight of material dispensed. 
The term weight scale is intended to include both weight scales and balances that are used to 
measure weight and/or mass of material. 

Having thus described at least one illustrative embodiment of the invention, various 
alterations, modifications and improvements will readily occur to those skilled in the art. 
Such alterations, modifications and improvements are intended to be within the scope and 
spirit of the invention. Accordingly, the foregoing description is by way of example only and 
is not intended as limiting. The invention's limit is defined only in the following claims and 
the equivalents thereto. 
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